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Abstract of WO0240404 

A lithium-containing composite oxide, characterized in 
that it has a composition represented by the general 
formula: Li1+x+ alpha Ni(1-x-y+ delta )/2Mn(1-x-y- 
delta )/2 My02, wherein 0 <= x <= 0.05, -0.05 <= x + 
alpha <= 0.05 and 0 <= y <= 0.4, and 0.1 <= delta <= 
0.1 (when 0 <= y <= 0.2) or 0.24 <= delta <= 0.24 
(when 0.2 < y <= 0.4), and M is one or more elements 
selected from the group consisting of Ti, Cr, Fe, Co, 
Cu, Zn, AI. Ge and Sn; and a nonaqueous secondary 
cell having a positive electrode using the lithium- 
containing composite oxide as an active material. The 
lithium-containing composite oxide has a stable layer 
crystal structure and a high density, and thus can be 
used for manufacturing a nonaqueous secondary cell 
which is excellent in the reversibility of charge and 
discharge and in durability and exhibits a high capacity. 
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(57) Abstract: A lithium-containing composite oxide, characterized in that it has a composition represented by the general formula: 
Li 1+x+a Ni (1 . x . y+(5V2 Mn (1 . x . y . j 5y 2 M y 0 2) wherein 0^x^ 0.05, -0.05 Sx+a^ 0.05 and 0 S y g 0.4, and 0.1 g 6 g 0,1 (when 
0 < y < 0.2) or 0.24 ^ 6 ^ 0.24 (when 0.2 < y ^ 0.4), and M is one or more elements selected from the group consisting of 
Ti, Cr, Fe, Co, Cu, Zn, Al, Ge and Sn; and a nonaqueous secondary cell having a positive electrode using the lithium -containing 
composite oxide as an active material. The lithium-containing 
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AZ, BY, KG, KZ, MD, RU, TJ, TM), 3-d 2X^3- K&tfte<DB§f§tOUTIi, S^fSfT^ft-S 

(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, &PCTHM <y h <J)%W ICgtS * H X r □ - K t KB 

LU, MC, NL, PT, SE, TR), OAPI ftfr (BF, BJ, CF, CG, Wtf-f - r- j 

CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG), 



composite oxide has a stable layer crystal structure and a high density, and thus can be used for manufacturing a nonaqueous 
ondary cell which is excellent in the reversibility of charge and discharge and in durability and exhibits a high capacity. 

(57) gifa: 

— IS^L i 1 + x + a Ni (1 _ x _ y + fi) /2 Mn ( i _ x _ y _ /2 M y O 2 C 
fcfcU 0^x^ 0.0 5, -0.05^x + a^0.05, O^y^O. 

ti-0.24^6^0.24 (&JEU-0. 2 <y ^ 0 . 4 C9<h£) T<fc 
^)T, MttT i , Cr« Fe, Co, Cu« Zn, Al, Ge£efctfS 
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Xtf^;i/M«itOU^^A^>^>m'fbt)T$.^L i 2 Mn 4 O s 
> Li 4 Mn 5 0 12 > L i M n 2 O 4 & £ nT&flv ft£L i M 
n 2 0 4 ^L i t^UT4 V^jfiomffi^^T^^m^'BJ^T^^^i 
^/ut^f^^fTbnTV^ (*HN§¥6 - 7 6 8 2 4-^&$8, #N 
5 ¥ 7 - 7 3 8 8 3#&iS, J#Hi§¥7 - 2 3 0 8 0 2 ^^B, ®m¥7 - 
2 4 5 1 0 6 o 
iil^T, L i C oO 2 0Ilti^i»2 7 4mAh/gTS5^ 

10 'ftl 2 5~1 4 OmAh/gCDtBHfclfcS. 

^.nt^tbT, Li Mn 2 0 4 CDSf^^«^*tt 148mAh/gT 

^©LiMn 2 o 4 feLi c o o 2 tmm\z^mm^\zmmt^ 

15 ititt9 0 - 1 0 5m'Ah/gig!:^>lTb^5. ^®d<h^6 
t>BJ?£>^&J; 5 fc, Li Mn 2 0 4 £MSMfc btffflt§ if^fc 
tt, L i CoO 2 £IEffie$»£bTteJB-r£#£<k0 & 

Sfc, LiCoOjC^MU. 9-5. lg/cm 3 T^0l; 
20 Mb, LiMn 2 O 4 0^!i4.O~4. 2 g/cm 3 ^^!) |£V* 

25 . , 1M £;M$f£#L i Co0 2 |lij;l9Wtl/iHli^^§. 

J10cJ; , 5&ffUi**ft*rsfcJe)fc, L i Mn a 0 4 i&£&J5JfcJB£ 

2 



WO 02/40404- 



PCT/JPOl/09967 



. X¥%)mV?-iy £V>;tf>^bfl (LiMn 2 0 4 ) ©jffl 

10 ub, LiMn0 2 W$tl5. £ <D±L%&fr & lE^H^Offi^bfet 

^c, Li tMnCMtJUt (Li/Mn) £ 1 tbfc^Cft 
15 3^(DMn^ c fc5i 7 '-> • 7 7-MCfei()l:, L i MnO 2 0*g|i;£ 

Brazil* s**r. 

^(Dit^m (LiMn0 2 ) 11 Li *ifc#0 ~ 1 . 0 <Df5fflT€^ 

20. , xH^jm^it^i^^^r^fcfe, wm^nnmtt 2MB 

25 '&*dT, L i Mn 0 2 &£©il^©y 3^ AT ># >Mtt«liflHb 

3 



WO 02/40404 



PCT/JPOl/09967 



10 5. 

Ni (1 _ x _ y + e) /2 Mn (1 - x _ y _„ /2 M y 0 2 CfcfcU O^x^O. 
0 5, - 0. 0 5^x+ a^O. 05, 0 ^ y ^ 0 . 4 T -0.1^ 
6^0.1 (fc£U 0^y^0.2£7)tf) 
15 2 4 (fc£U 0. 2<y^0. 4<Db%) T^L MttT i , Cr 
, Fe, Co, Cu, Zn, Al, G e & £r£S £>&S»>£jl& 

+ x + a Ni :i . i .. y + t)/2 Mn (1 . x . y . J)/2 M y 0 2 [fcfc 0^x 
20 ^ 0.0 5, - 0. 0 5^x + a^0. 0 5, 0^y^0.4T&D, -0 
.1^(5^0.1 (fcfc'U 0^y^0.2©t#) 0.24^(5 
^0.24 (fcfc'U 0. 2<y^ 0 . 4<Dtt) TgoT« MttT i , 
Cr, Fe, Co, Cu, Zn, Al, Ge^i^Sn^^SIA^ 
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IBjEtt&ttKtf, -jRSL i 1 + x + a N i (1 _ x _ y + a) /2 Mn (1 _ x _ y _ 4 
)/2 M y 0 2 (£f£U 0^x^ 0.0 5, -0.0 5^x + a^0.05 
5 , 0^y^0.4T?&D> -0.1^6^0.1 (&£U. 0 £ 0 . 2 • 
©if) (fcfcl, 0. 2<y^0.4 

<Dt%) T$^T, M.ttT i , Cr, Fe, Co, Cu> Zn> Al, 
G efc«fctf S nfr&fcSf&fr&B&Snfc 1S£A±07C^3 T^£n& 

10 

m0f a ^ - > § m t & § o 

15 EUr/^-^fc^TBlT?**. 
®#r/\°:? - > §^T@Tfe £ o 

25 
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/2 Mn (1 _ x _ y _ 6) /2 M y 0 2 (fcfcU 0^x^0.05, -0.05 
+ 0^y^0,4TJ5D, -0.1^(5^0.1 (&£ 

5 U 0 ^ 0 . 2 CD££) 

0. 2<y^O.40tt) T$oT, MttTi, Cr, Fe, Co, 
Cu, Zn, AK Ge*«k^Sn*6fe5ff*>6a*iSnfeiaK± 
©7U^) T^$n> ^<tfeNiiMnSM7tlibT^fl/, tf* 
■3, N i £Mn©Mffctfl : 1 fc&St^St^i bfc, £<Pie>n£ 

io m^mmom^mim^^^o 

20 t$tTMn(D¥«§^# <t§?!)\ LiMn0 2 ©Mn£, flft 

N i tMn©iJt^, 1/2 : 1/2, -ffcfr^ 1 : 1 t 
25 &SL i N i x /2 M n x /2 O 2 GD-flgjST^;* n5i^&S* t b T, 
N i :fe«fctfMn#*ft-enx/2ToL i Tfi^tl, N i iMnCi 
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Jt# s 1 / 2 : 1/2 3^-6*n^n (5 / 2 '"£«ktf- <5 / 2 fcttTfU L i 
©*Jfc#a)E&tftS#U 3&>^ N i &J&Mn& J ttl j etly/2'f'0 
tc^M (jfcjEU MttTi, Cr, Fe, Co. Cu, Zn, Al, G 
e&ktfS nfr&&*«UD*R3tifc l«U:©5c*) Tgm$nfc 
5 feft* -Tfcfct,, -jRSL i 1 + X + 0 N i (1 _ x _ y+fl)/2 Mn (1 _ x _ y _ a 
)/2 M y 0 2 C&jEU 0^x^0.0 5, - 0.0 5 ^x + ^0.05 
, 0^y^0.4T^D, -0. 1^(5^0. 1 '(fc£U 0^y^0.2 
(Dtt) Sfctt- 0 . 2 4^ (5^ 0. 2 4 (fcflfU 0. 2<y^0.4 
Otf) Tefe ^ T> MttT i , Cr, Fe, Co, Cu> Zn, Al, 
10 . Ge*«tl^S nA^65feS»A>6aW$nfcia»±CD7c5)f] T^Sn* 
fcJfclBIBfcfc^T, JBtt©*§il«jS#££ft$*l, 4V#i!i(!)ttt«« 

iltlft 'J A*t*^lft ft «f OM n ©?^fft*J 4 l«f ® tt 
(££^3. 3~4lffi) 3frft*T!©L i © h*-:/;&«fctfJK 

20 (xas) \z&QmmLrcm&m>ft* 

S«J5J57C*i:UT^trU^^A^W*^8lft«K:**b, C uK a»&/fl 
^fcXfclil&TSaje&frS EI0f A 2 0 #U 8 0 tf$fifc«ktf 4 4° #j£ 
25 fcfi, L i N i 0 2 © ( 0 0 3 ) (10 4) ©IU#r fc!-£ fcffiS 

T3HI#T tf-^*^tl^ni*ft3#ftb, #0, 6 3 0 ~6 6° ©«B 
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fflfc-tes (10 8) :fe«felMl 1 0)'"©®8ffc:-£fcffiST5Z#®|fi! 

m\z-t7tfi&&tzfsi£, *-0@$ri£*->ttL i n i o 2 tmrnoft 

«fctf I 44 £bfcfc#fc, *©Jti 44 /i 18 tft, o. 9<I 44 /I 18 
^1. 2 (&£U 0^y^0.2Ott) , SfcfciO. 7^I 44 /I 
18 £l (fefc'b, 0. 2<y^0.4©££) T&D, do, ±13 6 3 
° ~ 6 6 0 (DMW\Z$>Z> 2if<Dmft¥-2V>®ffift (2 6) ©H 0 a# 
10 , 0. 3° ^6 a^O. 6° (fc£U O^y^O. 2©t#) , £fc 
\%0. 55°^0a^O. 75° (fc £ b , 0. 2<y^0.4©it 

El© J; 5 fc »J ^£ A£Wfc£»fctt©3fc#*ft»tt, x e*;nu©;fi 
ig£WTSL i Mn 2 0 4 tH«t, 4 V#jfi(Z)iE«T0M«^ 
15 nJfBTfcD, ffi*©IEtt«4&JlTfcSL i CoOjOfttil/Tttfflt 

5 5 - 4. 9 5 g/cm 3 D , iff ^#»X^;i^^-afft 

20 tf«£«fcto©3*»£tt. *<D®.mz&r)±$*<mktZ>W, ±ta©^ 

wia^ig h & KTmmw&fefc $ n> ¥-*b $ n^*r < ^ s & 
»i Li c oo 8 ©*?&#K:ifiv>*#&it£fts fc^tt^^ns, # 

K:, ^^JI»JtK:jS^ariG©ttK:^:€rftfit3ftD, -o.ois^x 

+ 0 . 0 1 5 fc^ViT, 43 «k *4.' 7 g/cm 3 Ki0lM^ 

±^bfecfc^f-, *m®<Dv?v&^m&m4km$, l in 
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1 1/2 Mn 1/2 0- 2 (DJ;5fc, NltMn^l : 1 tfc&Uj&&&*t 
UTV>£^\ Zt>\zmM\Z. &j&®M£ ft~Dtct^%, Ni, MniJ;^ 
MOMJfctfl : 1 : 1 ^§11 T^tc^-jSS^L i N i 1/3 Mn! 
/3 M 1/3 0 2 T^$ny= 1/3 ch&3M/&C>j£(gfc£^T> W\Z&n 

±13— $2^; L i 1 + x + a Ni (1 - x - y + ,) /2 Mn (1 _ x _ y _ 6)/2 M y O 

2 (fcfcL, MttT i , Cr, Fe, Co, Cu, Zn> Al, Gefe 
<fctfS n#&fcS#<kD»ft$n&l«&±©^*) fc:fcV>T> O^y 
^0. 2 0&/&$5HTfte:> N i tMn(D*i:bOTtl ((5/2) «/h£V* 

io rnvftn^-zntz^fi^ o. 2<y^o. 4©m$$SHTte, 

#5utm5. ±BB— jR5£fcfcV>T, O^y^O. 2© 

15 0. 2 <y^ 0 . 4<£i£fctev 3 D#5lfiffl#- 0 . 2 4^ 3 ^0 
. 2 4 tj£<)5:S0T*-5. 

SSfc, 0. 2<y^0. 4©a^«HK:*^Ttt, 0^y^0.2<D 

20 Tte, 0. 2<y^0. 4 0iBI^$5Htfe^T-e©^S^tt^«t^4. 7 
5-4. 9 5 g/c m 3 T&£tf)fc:;ttU 0 ^ y ^ 0 . 2 k: 
$5V>T*0X?fc£fcjU&«k*-4. 5 5-4. 7 4 g/cm 3 T^. 

£ £T\ y®±EIS0. 4£Lfc©fciu y>0. 4 ©fc/fc, T&fr 
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#fFj§3 0 6 4 6 5 5*f£fg, #^¥9 ~ 1 9 9 1 2 7#&f|, 
0 - 6 9 9 1 0*l&*K 2000-2 9 424 2^|&$g& 

£4b£#l£, L i Oft^i^MtSutfcJ;^ *5SW©U5=-^A 
20 ^iT^t, 2in*L i Olb^t^MtS^tiaO, MftM 

. mot, ^*rs*^»^*o*tt, T^fc-fe^iiftoftfett^** 
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bT»6n5^«)fti^ffl^n«J;<> Ni 0 . 5 Mn 0>5 (OH) 2 
> N i Mn 2 0 4 , N i o. 5 Mn 0 . 5 OOH&^ N i tMnOlfl:** 

(M.ttTi, Cr, Fe, Co, Cu, Zn, AK Ge^i^Sn^ 

&fc**±D»ft3tt& isuu©tg*) t'tt-tzv 

±fBL i (Dfc&mt Ltd i^r0Ufl)AS$ffl^§:i)5S 
15 Tt, ^mft'J^tfA • -tK»«^ Hi'JfUA, J&KU^tf 

A, SISI'Jf^A, H^bU^A* &fcU^£A, ^X^U^i^ 

3; l/</BV>5tl*. 

25 &£Jt7 oo~iioo °ct i~2 4mmmi8,~f SCfcfcJzD, *^BJ 
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SckDfe, ^ofc^Mg<kDM&V^^ (£,£^2 5 0 -8 5 OV 

^m&j&^zu&LTmmmzv^ry&^&GMfcWtk 

fcfcfe, im b W£M£tT5©j^£JT&& 0 £©^flfM©P3W3# 
15 £MPK£ft5$©Tte&V^ att, O. 5-3 ORSWSarefr 

t&IBL i <Dtt l &mt'Pte< thU i & «k tfM n £ b 

20 TX5U-tKfcU 58Sg!#-;i^;t'fc£T3 0- 6 0 ^IBJ8ftM^b 

25 H««t», »SV>tttt*#X'f'Tf?*.ffJ:^. ^^©^©fJ-^kL 
1 0 %£k±\zt% Z ttm^b^o 
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±£T5<Z)W£l^. i~5dm 3 /^UO|!f^b^, 
, Mn 2 0 3 ^Li 2 Mn0 3 ^:i 4 ©M«^t<&^ 

15 

^5P?j8^»4b^*rVi. b^U ifeittfc^n^'Jf^A^fn 
/tJPhlll'fc'»*ffl£ > bTJflV>*££ i0\ ±IB«JBE»T*5«ltt$n, ft 

bttt, LiCoOjlDi, C 0 0— »£fa07G*, 0S&i£N i Tii 
25 L&L i' C o j_ t N i t O , fc 20fc£#l feJB V*S £ £0. 

U3^A^Wn/t;i/hIHbtJ0#J££#< bT^3,h, i«fifi?« 
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5 btft Li-Al^ Li-PbM, Li-In^, Li-G 
SL&4kfc£<DV Si, Sn>.Mg-Si^Mt*; 

©M) =1. 5-3. 5 <hf*llttJ:0, iBBU^^A^WUK'&SI 
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Off 

m: 3 0SA±) XX7\>|/£®£UTm*SC:£#ff£bV>. dCDck^fc 

^©j;5S:ii$©ilViXXT;Ht £3rft&$ 
#J;Dff3sbH. 

±ffiii«*©»vixxf-;p^k:#fflRiiife»fiiEtbTia:, #i 

x.kf> 1, 2-v^h^>/X^>, 1, 3-W;5X f h 7 1 F 

077>> 2-/fJHTh7kFD77>, v?X^^X-T-;l/^H^ 
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tiiifcif$t5ilfItlTH «Atf, L i-C 1 0 4 , Li 
PF 6 , Li| : -B.F 4 , L i As F 6 , LiSbF 6 , LiCF 3 S0 3 , L 
i C 4 F 9 S0 3 , L i CF 3 C0 2 , L i 2 C 2 F 4 (SO.) LiN 
(CF 3 S0 2 ) 2 , LiC (CF 3 S0 2 ) L i C n F 2n + 1 SO- 3 ( 
5 n^2) fcH#*aT3^«2«&±ffl£UT^&n*. 4>T«b, & 
ff&MHW^&tiSL i PF 6 ^L i C 4 F 9 S0 8 fc£jW*L 

ttfclr***, 0. 3~1. 7mo 1/dm 3 , #}:0, 4-1. 5 m o 1 
15 0#«fc<, *-©«k'5fcfcjftj&>&, 5 ~ 5 0 umOmZT:\ ^U7°Pk°l/ 

1 ) 

25 g>Ki?«lrtK:*»{fc;^hUC7A0*ftlfcJ;t) pH^l 2\zWMVtz 
7>*-7&&mML* Zti&WLm&Lteifit,, £<D$\zmM~yfr)l> 
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5 fc, ^I©pH^i2#ififci^n§i^fc, 3. 2mol/d 

#£>ft7c£j&tJ£7jt^ ttifi£ NiiMn^l : 1© 
10 fiJ^T^-r57K^^tltL, £(7)7jc$?{r;t/0 . 2moli, 0. 19 
8mo 1 ©L i OH • H 2 Ot%mmV, 

15 «T2Wp|Wfii«p-r*c:iK:«fc«)^«jpl»*ff^, $ei:iooot(:#. 

20 5, L i o. 9fl N i o. 5 Mn 0 . 6 0 2 T^$n*JjSaj^T*SC:«?:^t>^o 
/Co ±f3^1^<Wl^#r£ : fT 3L^lf^c#S Rir>^ 

-h£jSV>T, Mn©Xjfc©iR£ft (XAS) fcfrofc. ft&tlfcx- 
;?0##f&, [Journal of the Electrochemical Society, 146 p2 

25 799-2809 (1999)) fc*^*, »«fV7h "REX " (U#0*««) 
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^•*r>7)VtLT, Mn0 2 £J;tfL i N i 0 . 5 Mt,, 5 0 4 (£^£>.t> 

n 2 0 4 (¥*%ttft#3. 5fi0Mn£Wt"3fc'&to£LT0«|iplJ-> 
, L i Mn0 2 43«fctfMn 2 0 3 ( E% 6 3 fl&OM n 

Jl/0Mn©KfWftIiMn Officii ©P^^^-T HI fiit^^^fe, 
±fBflS'&«©Mn©K!RJR«8ia:ii^ Mn 0 2 £<ktfL i N i 0 . 5 Mn 

10 nO^«ttgg4lit^ofc. 

N i fc^Tfet, 3ffiJ^±ON i SUmi? >7 )l tLTM^fc 

{b^WA¥T£&^fcfc£>> ^<£^I&£lE$fc:£& Setter t£ 

i N i 0 5 M n j 5 O 4 £ K M DT & o ft £ t ^ 6 , 

15 ±|B^-a-t;cON i©^Mtta(j2fT^5^i^lJl$nfc. 
(^^^1 2 ) 

<>:|n|Jifc iT^UfcN i £Mn£l : 1 CDfiJ^Tr^rTS 
7K^<btJ0. 198mol^ 0. 2 0 2mol©LiOH-H 2 Oi 

sfpsu ^rmtMni tmmzLTL i x . 01 n i 0 . 4 9 5 Mn 0 . 495 
(mmm 3 ) 

tHiClT^bfcN i tMnSl : 1 (DfJ&T^ 1~3 
7X^<btlO. 196moli, 0. 2 0 4mo 1©L iOH-H 2 Oi 
*ft*U t^ifclTL ii.o 2 Ni 0 . 49 Mn 0 . 49 0 

25 jT^SnS'J A^WH^mft;^ b tc o 
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-7&$Mfc#J 0. 194molt, 0. 2 0 6mo lOL iOH-H 2 Ot 

*nmv, skTmrnmi tmm\zvxL ix.03Nio.485Mno.485 
5 (mmms) 

7K»-fb*0. 192molt, 0. 2 0 8mo 1-OL i OH • H 2 Ot 
£#*U SATHMl UTL iL04Nio.48Mno.4gO 

10 (HSJS#i6) 

HM#iJl ilWI^iCbT^^bfcN i tMn§l : 1 0Df!l#T#Wf 6 
zKBHfelfcO. 19molt, 0. 21mol©LiOH-H 2 Oi$| 
*U ^THM0!I UH«l:bTL i,. 05 Ni 0 . 4 7 5 Mn 0 . 4 7 5 0 2 

15 (££JS0!J7) 

ol/dm 3 , 0. '9mol/dm s ^0. 2rao l/dm J ©|J^ 

i, Mnfeir;Co$4. 5:4. 5 : 1 CDSU^Tf-MTSfcHftflS** 
20 fcfc. RT^M^Jl tHOiHcLTL i o. 99 N i 0 . 45 Mn 0 , 45 Co 0 . 

(fttt*8) 

»-^Jk M^^I/^iOTn/tjVh^nftiO. 7 5 
mol/dm 3 , 0. 7 5mo 1 /dm 3 ^ ii^O . 5raol/dm 3 © 

, Li 0 . 99 Ni„. 375 Mn 0 . 375 Co 0 . 2 s O 2 T^£ tl5 U 
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. (£11019) 

mol/dm 3 , 0. 6 6 m o 1 / d m 3 ^3 0 . 66mol/dm 3 
X, L i o. 99 N i o. 34 Mn 0 . 33 Co 0 . 3 3 0 2 TS$n§U^^A^ 
1 0 ) 

10 ol/dm 3 , 0. 6mo 1 /dm^^r/O. 8 m o 1 / d m 3 <D#J£ 

xtt-rzm&fcmm&mThttct&Mtnnw 1 tiwutkibr, l 
io.99Ni 0 .3Mn 0 .3Co 0 , 4 o 2 ^$n§'jf^A^fim 

(Jt*« 1 > 

15 0. 2mo 1 (DL i OH • H 2 Ot, 0. 2 m o 1 (DM n O O H t % 
S^S&OS^SfcAft, 1 dmV^©g|M4 1 T4 5 0*CT 1 Off 

20 OttfeflU) 

HM#J 1 tl^tbT'&j&bfcN i tMnSl : 1 ©fiJ'&T^W 
zRBS<b4f!l 0 . 18 mo It, 0. 22mo l©LiOH-H 2 Oi^ff 
Mb, ^TUB^U tmm\ZLTL i l ,N i 0 . 45 Mn 0 . 4 5 0 2 X% 

25 (Jt«09 3) 
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ol/dm 3 , 0. 5mo 1 /dm^^lmo 1 / d m 3 ©fiJ^-T^ 
. 99 N i o. 25 Mn 0 . 25 Co 0 . 5 0 2 T^$n^U^ r >A^W^^m^ 
5 (J£$fc0!l4) 

0 1/dm 3 , 0. 4mo l/dm^iDtl. 2 m o 1 / d m 3 (DUte 

1 o. 99 N i o. 2 Mn 0 . 2 C.o o. 6 O 2 U ^ A^^&Mik 

10 

5 ) 

mM~v5-)V&&tf®M^>tfy*^n j eno . 5mol/dm^ 
£#1. 5mo 1 / dm 3 <Dm&i:^?Z>m£7mWt&mi : VtcZ.t 

Kkmtmmmi tmm\zLr, l i 0 . 99 n i 0 . 25 Mn 0 . 75 o 2 th 

(J£«J6) 

2mol/dm 3 , 0. 6 m o 1 / d m 3 1 Ltc C t&tUtmMM 7 t 
nU\ZbT. Ll 0 . 99 Ni 0 . 6 Mn 0 . 3 C o 0 . 1 0 2 T^£tl£ U ^£ 

0. 2mol0LiOH-H 2 O^ 0. ImolCDNi (OH) 2 
t, 0. lmo ICMnOOHi^^iU, 11I^-JRJ^3 0^ 

25 mm&LTM&yvtL. tn^7;Rti©§-9Sian, so or© 

^^^Tl Omfflffif&b, L i N i o. 5 Mn 0 . 6 o 2 o«Ti$n§ 
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Gf&V fc±BBmSM 1 ~ 1 0 , 1 ~ 6 & «k ##09 0& U 



351 





&j£ [L i 1 + X + 0 N i (1 _ x _ y + a > > 2 Mn M -,-v-«i /,M,0 S ] 




X 


x + a 


y 


5 




L 1 o. 99N i o. f Mn 0 . 5 0 2 


0 


-0.01 


0 


0 


^2 


L i i. oi N i o. 49sMn 0 . 495 0 2 


0.01 


0.01 


0 


0 


&*0H 3 


L i i. 02 N i o. 4 9 Mn 0 . 49 0 2 


0.02 


0.02 


0 


0 


*Jfi«l4 


L i i. 03N i o. 486Mn 0> 48S 0 2 


0. 03 


0. 03 


0 


0 


^Ji^j 5 


L 1 i. o 4 N i 0. 4iMn 0 , 4 8 0 2 


0.04 


0.04 


0 


0 


HJS^J 6 


^ 1 1 . 0 5 N 1 0 . 4 7 5 M 11 o , 4 7 g O 2 


0. 05 


0. 05 


0 


0 


MMM 7 


■L- 1 0. 99^ 1 0. 45 Mn 0. 4 5 C 0 0 
. lO, _j 


0 


-0.01 


0. 1 


0 




L 1 0. 99 W 1 0 . 3 7 5 M n 0 . 3 7 S C 
O 0 . 2 5 0 2 


0 


-0.01 


0.25 


0 


^t&ffl 9 


L i o, 99 Ni 0 34 Mn 0 . 33 Co 0 

. 3 3 0 2 


0 


-0.01 


0.33 


0.01 




Li 0 . 99 Ni 0 . 3 Mn 0 , 3 Co 0 4 

o 2 


0 


-0.01 


0.4 


0 




L i Mn0 2 


0 


0 


0 


-1 


Jttfcfll 2 


L 1 1. iN i 0. 4sMn 0 , 4 5 0 2 


0. 1 


0. 1 


0 


0 




L i 0. 9 9 N i o. 2 5 Mn o. 2 5 C 0 o 

. 6 o 2 


0 


-0.01 


0.5 


0 




Li 0 g9 Ni 0 2 Mn 0 2 Co 0 6 

o 2 


0 


-0.01 


0.6 


0 


Jttt^ 5 


L i 0 . 99 N i o. 25 Mn 0 , 7 5 0 2 


0 


-0.01 


0 


-0.5 




Li 0 99 Ni 0 6 Mn 0 , 3 Co 0 l 

o 2 


0 


-0.01 


0. 1 


0.3 


# # '« 


L i N i 0 . 5 Mn„, 5 0 2 


0 


0 


0 


0 



Ji$Z(D^B%(DmMM 1 ~ 1 0, Jfc4a^l~6&«fctf#^0g<DU? 1 £ 

*%m<Dmmm i~i 0, ttntW2~6%&xt&mm<DV 
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>tt, L i N i Oji^S^S #$89J©£ 
•f fctlfc&ofcC T&fc>%, leJ^f £l 2 0 # l 8 0 # 

&mk%<D%.-~m?$>Z>Z.tf)mMZtltCo 63° -66° ©I 

Bfc#&T£[H!#T tf-£K:te, Cu©K a t iHK:<fcS t°-£ fc»&LT 
, Ka a »fc<fc*£-£fegB«>&ttfc#, #589§fc* V>-T«, 63° ~ 
6 6° (Dmm\H\zftft?Z>®ffiK-!7 tVTJtt. WfBKa 1 j»fc«tStf 

18° ttiS&itf 4 4° #jfi©[g^b 0 -^©^^?t^ 1 18 * 

<fctfl 44 0jfc(l 44 /l 18 ) £, 63° - 66° ©«Hfc#«E*r*2 
#©tH#f ¥-2 (DmfrMvme afc^T«S£U&**&2 fcwbifc. 
& & , J*tfc« 1 © U ^ £ £^*£RffcH&tt#3BW © © <h 
^I^^T^ 0 , SfcJt«09 3 ~ 5 &£tf###!j© U ^£ A^%«£B& 
gffl©£j£fc:J;.D, 6 3 ° ~6 6 ° ©ttHfcte 3 «J±©|aJ 
#Ttf-£^#£bT^fcfc#K S2 fctt^n£©ft£#J©^-^£fBii 
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m2 





x m m *ff m % 


(I44/I 18> 


MiffM 2 e (it) 


MM 1 


1.13 


0. 313 




1. 14 


0. 348 


mm® a 


1. 10 


0.390 




1. 11 


0. 435 




1. 08 


0. 510 




1.06 


0.555 




1.04 


0. 553 


mmw8 


0.88 


0.672 




0.83 


0. 700 




0.77 


0. 617 


&&m 2 


0.99 


0. 625 


Jttfcfll 6 


0.83 


0. 600 



44 /I 9-1. 2®$6Hfc£D, j^O, HIJFf A 

15 ©ieaSO. 3 0 - 0. 6 0 Ottfflfcfcofc. 3=fc, 0 . 2<y^ 0 
. 4Tf*«*l«.8-10m I 44 /I 18 «0. 7~l'©|gfflT, 
6>a«0. 5 5°~0. 7 5 0 (Z)|gHT$.ofCo m^W^BJ© 
«BB8^6nnfcJt«^I2*a;yCft«0!|6 , rtt, I 44 / I 18 *fctt0 a 

20 , f^tf)^ fc, 6 3° ~ 6 6 0 OiHI: 3*^±(D®iff tf-£j&*#& 
&fc> 1 - 1 0, JtB^l^efc^tfS^OU^ 

o J Z(Dlfc%k%m3 K^bfc. $iJ£imteM;*:T± 0 . 0 3g/c 

25 m 3 T&o/io 
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& 3 



10 





XM (g/cm 3 ) 




4.74 




4. 72 




4.68 




4.65 




4.62 




4.57 


&tt#f 7 


4.75 




4.76 




4.80 


mmmio 


4.82 


1 ! 4-0- At- I w 

Jfc£fc#J 1 


4. 20 




4.38 




4.83 


JttitfM 


4.90 


Jt*«5 


4.46 


Jt«E0!6 


4.65 


# % #1 


4.61 



15 

.5 7 -4. 8 2 g/cm 3 tftD, flrfc, "Tfcfc 
§-0.O15^x+a^0,Ol 5 TfcS^ififll 1 , mfifll 2 fci tflS 
Jlf!) 7 ~ 1 0 fc&V^T, MmmU4. 7g/cmHll©^fMi& 
20 ofco *T?t>, 7C^MT(Dgm*y ^0. 2<y^0. 4 £ bfc&Jfcfll 

4. 7 6g/cm 3 ^l(Dffe^W#Btlfc 0 

&^«fc*fnfcaj*©W;|ftf8 2tt, 4. 5g/cra 3 RT©/h$&lT 



WO 02/40404 



PCT/JPOl/09967 



. U/cm 3 ©LiC oO,3&5SffltUT4riGUfcfc»T»D, 

#3S9!®£lfc0!ll~l Ofccktfjfclfcfll 1~2CDU^^A^^^ 

-2-tfDU F>£2 5 OStftM*., 6 0 *C left)** U 7 y tek* 

15 ^5Ri»t^777^h2 5Ri«*M, «JflTX?'J-«Ol 
mVX, ¥*$mi£ifil 9 0 8 3mm. l5 4mm©MEi 

fc*S£©WK:j*;£ 2 5 /zm<DMl«Ux^l/>7^;PA/^&'£-te 
A°l/-?£gBfiU X^l/>^-^^-h,hx^Jl/^5 1 ;P^-^^" h 
t^Mit 1 : 3 <D^mm\ZL i P F 6 £ 1 . Omol/dm 3 0l 

26 



WO 02/40404 



PCT/JP01/09967 



£4. 3 VS^i-U - flD*8EMrC3. lV*Tii[S$tTtttg, 

mAh/g)- ^MMS&t) (mAh/cm 3 ) fcHHLfcilt 
bTi4fcilfc. §H0!ll> HJIf!l6, Itt0il8> 

£0 6 



^4 



10 



15 





& ft § * 


(mAh/g) 


(mAh/cm 3 ) 


i 


148 


702 


*asw 2 


145 


684 




143 


669 


4 


141 


656 


^66 09 5 


139 


642 


MMM 6 


136 


622 


MM 7 


150 


713 




152 


724 


mmm9 


153 


734 


MM 10 


153 


737 




70 


294 


WJ2 


112 


491 



(Dfi^nnn&rOftmWaSnT&V), 136~153mAh/g<h* 

20 ttfcftn&m&misftifi, tmmi, 2tai 3 0mAh/g^r©t 
id 
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10 A^£&£tA 8 l/-^£;frLTj#|H]U IfttlT, X9 1 1/ > # - # 
^-hiXf;MfM-^^-ht©Mtfcl : 2 0*g L i 
PF 6 £l. 2mo l/dm 5 ©IM)|$tfct)0^ffi^, 600 
mAh0M©BWai#zK—&*ffl*fMlL&. fcfc, M7£M£lt 

15 ttl. 9£b/c 0 
(»!ll 2) 

s L i coo 2 $3 owm%<DmtiTn&LTm^jtz.t&fttemmM 

20 (J*«0J7)- 

-^M^nXi/^L lCoOj^tfL i N i 0 8 Co 0 . 2 0 2 
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(6 o omA)- ©iitmisff^fctf ©, mmoi&n 



10 



« ft 


. IE S fi * R 


^ * jfe j 


$ $ (%) 










9 6 


9 7 


9 


9 8 


9 8 




9ttHW 1 + L i C o 0 2 


9 4 


9 6 




it$$0ij 6 


9 2 


8 7 


L i C o 0 2 


8 8 


9 1 


L i N i 0 . 8 C o o. 2 0 2 


9 3 


9 0 



15 *&w<Dv^?&mGMfc®*]EMm<famtvTM^f£nMwi i& 

IrtSftTHSL 1CoO,»«H|U i N i o. 8 Co 0 . 2 0 2 £MMf> 

i i tnmm 1 2 ©tis 2 c (120 omA) 

1^5 2 5mAhT$ofc0C^t, UMl 2©ilSTa 5 7 3mA 
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mmn 3) 

Lit. lEmmwnt lt, mmm <DU^£A^fr*£«fc*sjiv^ 

10 &$£<h^T£fcfcs6, ^ 1 1 tH-U-'f XT?ifct*iS» 7 x^: 

605 mAhtao, n&*H£ &m?&£ii5iT 

15 itmi^ojEaflf^R^oftw^fi^^n, n&ny&wpLtcitibt* 

Sk±®WVtc£5\z, *»53T?tt, -jK5£L i 1 + I + 0 Ni (1 _ x - y + 
20 /2 Mn (x _ x _ y - a) /2 M y 0 2 Cfcfc'U 0^x^0.05, -0.0 
5^x + a^0,05, 0^y^0.4T?*0x -0.1^(5^0.1 (fc 
O^y^O.20tt) SfcH-0.-24^^0.24 b 
, 0. 2<y^O.40it) T^T, MUTi, Cr, Fe, Co 
, Cu, Zn, Al, Ge^«ki;Snd^a5^5M$tlfclS« 
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& M £ if it T £ & & £> T & 3 . 
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W $ <D |g H 

* — . 

1 . — j^^L i 1 + x + a N i (1 _ x _ y + fl)/2 Mn (1 _ x _ y _ a)/2 M y 0 

2 tfc/£U 0^x^ 0.0 5, -0.0 5^x + a^0.0 5, O^y 
5 ^0.4^25^-0.1^6^0.1 (fcfcl, O^y^O.20t't) 

£fc«-0.24^5^0.24 (fcfc'U 0. 2<y^0. 4©tf ) 
T&oT, MteTi, Cr, Fe, Co, Cu> Zn, Al, Ge^i 

15 4. iulB— jRjifcfc^T, 0. 2<yk 0 . 4T?**i»*51 KlIE* 

5. fl&IE— **5£K:;&HT* - 0.0 1 5^x + a^0.0 1 5T&Sff 

6. -K5SL i 1 + x + a N i (1 _ x _ y + e )/2 Mn ( i_ x _ y _ {)/2 M y O 
20 2 0^x^ 0.0 5, - 0 . 0 5 ^ x + a ^ 0 . 0 5 , 0^y 

^0.4T&D, -0.1^5^0.1 (fcj£U O^y^O . 2<Dt£) 
Sfcfci-O. 24^5^0. 24 (fcfcU 0. 2<y^0.4tf)i:#) 
t^T- MttTK Cr, Fe, Co, Cu, Zn, AK Ge^J: 

25 1-*U^^A^«-&»<b«©«3fi^i*T*^T, £*>N i fc<fc 
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i + x + a N i (i_ x - y + e) /2 Mn (1 _ x _ y _ (5) /2 M y 0 2 (fe^ib, 0^ 
5 x^0.0 5, - 0.0 5^x+a^0.05, 0 ^ y ^ 0 . 4 0 , - 
0.1^(5^0.1 (fcfcl, O^y^O.20t^) *fcH-0.24^ 
(5^0.24 (fciEU 0. 2<y^0. 40tt) Tc^oT, MfiTi 
> Cr> Fe, Co, Cu, Zn, Al, Ge^UtSii^^?)^ 

9. iufB-J&xUc&VXT, 0<y^0. 4Tf»Slt*5l7 fcia*0# 
15 7K-^m^o 

10. MfB — JK^te^T, 0. 2 <y ^ 0 . 4Tfe^M7 fcfB 

11. f&fE-'flS^fc&^T, - 0 . 0 1 5 0. 0 1 

20 12. ttflBIEffJgttfftf, U^ASWn/WbKfMfefcfc^^H* 

©5 OKS%&T0*BfflT^£bTfc*i||:fc£7 fcia«®**-^«» 

o 

H) / (A*?gttK©K*) ) 1. 5-3. 5T*«»*a7fc 
25 l3m©#7X-^«?feo 

14. ffiaBMH54b£tf, U^^At^S^-rSdt^RTffi&TC 
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17. tffiBIE^<hMIB^S(i:0f B 1{C, 5 ~ 2 0 // mGOJ9&0*fe A° l/- 
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